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SUMMARY 

Three new Coplanar Waveguide (CPW) transmission lines, namely. Suspended 
CPW (SCPW), Strlpllne-llke Suspended CPW (SSCPW) and Inverted CPW (ICPW), 
are proposed and also analyzed for their propagation characteristics for the 
very first time. The substrate thickness, permittivity and dimensions of 
housing are assumed to be arbitrary. 

These structures have the following advantages over conventional CPW. 
Firstly, the ratio of guide wavelength to free space wavelength Is closer to 
unity which results In larger dimensions and hence lower tolerances. Sec- 
ondly, the effective dielectric constant Is lower and hence the electromag- 
netic field energies are concentrated more In the air regions which should 
lower the attenuation. Thirdly, for a prescribed Impedance level, the above 
structures have a wider slot width for Identical strip width. Thus low 
Impedance lines can be achieved with reasonable slot dimensions. Fourthly, 

In an Inverted CPW shunt mounting of active devices, such as Gunn and 1MPATT 
diodes, between the strip and the metal trough Is possible. This feature 
further enhances the attractiveness of the above structures. Lastly, an 
E-plane probe type transition from a rectangular waveguide to suspended CPW 
can also be easily realized. 

The computed results for GaAs at Ka-band Illustrate the variation of 
normalized guide wavelength, effective dielectric constant and the charac- 
teristic Impedance as a function of the (a) frequency; (b) distance of sep- 
aration between the trough side walls; (c) normalized strip and slot widths; 
and lastly (d) normalized air gap. 


I. INTRODUCTION 

The conventional Coplanar Waveguide (CPW) on alumina substrate (ref. 1) 

Is Ideally suited for MIC Components, such as FET amplifiers (refs. 2 and 3) 
and balanced mixers (ref. 4). The Conductor Backed Coplanar Waveguide (CBCPW) 
on GaAs substrate (ref. 5) Is suited for MMICs, where the additional ground 
plane not only acts as an efficient heat sink but also provides mechanical 
support to the thin and fragile substrate. 

This paper presents three new Coplanar Waveguide structures, namely. Sus- 
pended Coplanar Waveguide (SCPW), Strlpllne-llke Suspended Coplanar Waveguide 
(SSCPW), and Inverted Coplanar Waveguide (ICPW) and their computed propagation 
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parameters, namely, the normalized guide wavelength where x Is the 

free space wavelength, effective dielectric constant c e ff* and characteristic 
Impedance Z 0 . The generic cross section of these structures are depicted 
In figure 1(a) to (e). These structures have the following advantages. 

Firstly, the ratio of guide wavelength to free space wavelength Is closer to 
unity. Hence, circuit dimensions would be larger, which would ease fabrication 
tolerances at mm-wave frequencies. Secondly, the effective dielectric constant 
Is lower and hence the electromagnetic field energies are concentrated more In 
the air regions which should lower attenuation. Thirdly, for a prescribed 
Impedance level, the above structures have a wider slot width for Identical 
strip width. Thus low Impedance lines can be achieved with reasonable slot 
dimensions. Fourthly, In an ICPW shunt mounting of active devices, such as 
Gunn and IMPATT diodes, between the strip conductor and the metal trough Is 
possible. Lastly, an E-plane probe-type transition from a rectangular wave- 
guide to SCPW can also be easily realized. 

The above structures are analyzed using Cohn's technique (ref. 6) which 
has been extended by the author to handle shielded slot-lines, coupled slot- 
lines, fin-lines, and CPW transmission lines (refs. 7 to 9). The assumptions 
made are (a) that the air gap below the substrate Is of arbitrary height; (b) 
the dielectric substrate Is Isotropic, homogeneous; and of arbitrary thickness 
and relative permittivity, (c) the conducting ground plane and the zero 
thickness metallzatlon on the substrate has Infinite conductivity. An attrac- 
tive feature of this analysis Is that It Is possible to model the conventional 
CPW or the CBCPW by allowing the alrgap height to approach Infinity or zero 
respectively, without causing numerical problems or Increasing computing time. 


II. ANALYSIS 

A schematic diagram of the Coplanar Waveguide structures to be analyzed 
Is shown In figure 1(a) to (e). These Coplanar Waveguide structures support 
the odd mode of an edge coupled slot line. The odd-mode electric and magnetic 
field components are Illustrated In reference 10. From these Illustrations It 
Is clear that a magnetic wall can be placed at the plane of symmetry and the 
right half of the structure Isolated. The equations for computing the propa 
gatlon parameters are derived from those presented In reference 8. The total 
susceptance nBt at the plane of the slot for the SSCPW Is 
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By replacing coth (mirF n H/B) by 1 In equation (1) the expression for nB t 
the SCPW In obtained, and by replacing 
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for the ICPW In obtained. Finally, the expression for nBt for a conventional 
CPW Is obtained by replacing coth (mirF n H/B) In equation (1) and also 


coth 
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in equations (4) and (5) by 1. 


In the case of a CBCPW, coth(rmrF n H/B) should be replaced by 1 and 
equation (3) gets modified to 



The equation for nBt Is then solved using the procedure outlined In 
reference 6 to obtain X'/X, egff, and Z 0 . 
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III. NUMERICAL RESULTS AND DISCUSSIONS 
A. Propagation Parameters 

Conventional Coplanar Waveguide (CPW) . - The computed x'/x, c e ff, 
and Z 0 and a function of the frequency and also as a function of the dis- 
tance of separation between the side electric walls (2B) are presented In fig- 
ures 2 and 3 respectively. Figure 2 shows that for small normalized strip and 

slot widths, typically S/D = 0.25 and W/D = 0.10, X'/X, c e ff, and Z 0 are 

almost constant as the frequency varies from 26.5 to 40.0 GHz. However, for 
large S/D and W/D ratios, typically 5.0 and 1.0 respectively, X'/X decreases 
by 1.5 percent, e e ff Increases by 3.0 percent, and Z 0 Increases by 
5.0 percent with frequency. Figure 3 shows that X'/X, c e ff, and Z 0 are 
constant for all values of S/D and W/D ratios, as 2B varies from about 

0.125 In. to an Inch. The variation of X'/X, c e ff, and Z 0 with respect to 

frequency In figure 2 are small when compared with the deviations caused by 
fabrication tolerances alone. Hence, all further computations are carried out 
at the center frequency of 33 GHz and 2B equal to an Inch. Figure 4 
presents X'/X and c e ff as a function of W/D with S/D as a parameter. 

Figure 5 presents Z 0 as a function of S + 2W with S/D and W/D as a 

parameters. The substrate thickness D Is assumed to be 100 pm. 

Conductor Backed Coplanar Waveguide (CBCPW) . - The computed X'/X and 
c e ff, and also Z 0 , as a function of W/D with S/D as a parameter are 

presented In figures 6 and 7, respectively. The substrate thickness D Is assumed 

to be 150 yin In both figures 6 and 7. The computed Z 0 , for small values of 
S/D, Is observed to Initially Increase with W/D and attain a maximum. 
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Further Increase In W/D tends to decrease Z 0 . Besides, for large values 
of S/D, Z 0 Is observed to be Independent of W/D. An explanation for this 
Is because, for small values of S/0 and W/0, the fields are tightly bound 
to the vicinity of the strip and wave propagation takes place as In a conven- 
tional slot-line, with the lower ground plane exerting negligible Influence, 
and hence Z 0 Increases with W/D. As W/D Increases the upper ground 
planes begin to decouple and wave guiding takes place as In a conventional 
microstrip between the strip conductor and the lower ground plane and hence 
Z 0 decreases. 

Suspended Coplanar Waveguide (SCPW) . - The computed x'/x, c e ff, and 
Z 0 as a function of W/D and with the normalized air gap ratio H/D as a 
parameter are presented for fixed S/D ratio of 0.25 and 5.0 In figures 8 and 
9 respectively. The substrate thickness D Is assumed to be 100 pm in both 
figures 8 and 9. Figure 8 shows that for small S/D ratio of 0.25, x'/x 
Increases by 1.2 percent, e e ff decreases by 2.4 percent, and Z 0 decreases 
by 4 percent when W/D = 1.0 and the H/D ratio Is decreased from Infinity to 
0.5. Figure 9 shows that for large S/D ratio of 5.0, x'/x Increases by 
5 percent, c e ff decreases by 9 percent, and Z 0 decreases by 23 percent when 
W/D = 1.0 and H/D ratio Is decreased from Infinity to 0.5. By comparing 
Figures 8 and 9 It is observed that the air gap significantly Influences the 
wave propagation on a SCPW with a wide strip conductor when the substrate 
thickness Is 100 pm. Figure 10 Illustrates the characteristics when S/D = 2.0 
and also the substrate thickness is increased from 100 to 250 pm. It Is 
observed that the air gap plays a very Insignificant role and typically x'/x 
increases by 0.35 percent, e e ff decreases by 0.7 percent and Z 0 decreases 
by 5.8 percent when W/D = 1.0 and H/D is reduced from Infinity to 0.2. Thus 

by comparing Figs. 9 and 10 It Is observed that when the substrate thickness 

Is Increased from 100 to 250 pm the effect of the air gap on the wave propa- 
gation Is very small. Lastly, from Figs. 8 and 9 It Is observed that when 
H/D Is equal to or greater than 5.0, the Influence of the lower ground plane 
on the propagation parameters Is negligible and the SCPW characteristics reduce 
to that of a conventional CPW. 

Figure 11 presents x'/x and c e ff as a function of W/D with S/D as 

a parameters. Figure 12 presents Z 0 as a function of S * 2W with S/D and 

W/0 as parameters. In these figures the H/D ratio Is fixed and equal to 
unity. 

Strlpllne-llke Suspended Coplanar Waveguide (SSCPW) . - X'/X and e e ff 
as a function of W/D and Z 0 as a function of S + 2W are Illustrated in 
figures 13 and 14 respectively. By comparing figures 4 and 13 It Is observed 
that the x'/x ratio Is closer to unity and e e ff is lower for the SSCPW. 

This Is advantageous, firstly, because circuit dimensions would be larger which 
In turn would ease fabrlcatlonal tolerances at mm-wave frequencies. Secondly, 
more of the electromagnetic field would be concentrated In the air regions 
which would lower the attenuation. 

Inverted Coplanar Waveguide (ICPW) . - x'/x and e e ff as a function of 
W/0 and Z 0 as a function of S + 2W are Illustrated In figures 15 and 16 
respectively. 
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B. 500hms Transmission Line Dimensions 


Figure 17 compares the strip width and the corresponding slot width that 
Is required for realizing 50 « conventional CPW, SCPW, SSCPW, and ICPW trans- 
mission lines on 100 ym thick GaAs substrate. It Is observed that the sus- 
pended structures namely, SCPW, SSCPW, and ICPW require a much wider slot width 
for a given strip dimension, which Is an advantage at mm-wave frequencies. 


CONCLUSION 

The paper presents three new Suspended Coplanar Waveguide structures 
namely, SCPW, SSCPW, and ICPW together with their propagation characteristics. 
The propagation characteristics are graphically Illustrated as a function of 
the slot and strip widths, substrate thickness and permittivity, and the height 
of the air gap. 

These structures have the following advantages over conventional CPW. 
Firstly, \'/\ Is closer to unity which results In larger dimensions and hence 
lower tolerances. Secondly, e e ff Is lower and hence the electromagnetic 
field energies are concentrated more In the air regions which should lower the 
attenuation. Thirdly, for a prescribed Impedance level, the above structures 
have a wider slot width for Identical strip width. Thus low Impedance lines 
can be achieved with reasonable slot dimensions. 

An attractive feature of the ICPW Is that It Is possible to shunt mount 
active devices, such as, Gunn and IMPATT diodes between the strip conductor 
and the metal trough. The metal trough also acting as an efficient heat sink. 
Finally, It Is also possible to construct an E-plane probe-type transition 
from a rectangular waveguide to SCPW which should find extensive application 
In the testing of planar active devices and also circuits, such as, GaAs 
MESFETs and MMICs at mm-wave frequencies. 


REFERENCES 

1. Wen, C.P.: Coplanar Waveguide: A Surface Strip Transmission Line Suitable 

for Nonreciprocal Gyromagnetlc Device Applications. IEEE Trans. Microwave 
Theory Tech., vol. MTT-17, no. 12, Dec. 1969, pp. 1087-1090. 

2. Stegens, R.E.: Coplanar Waveguide FET Amplifiers for Satellite Communica- 

tions Systems. COMSAT Tech. Rev., vol. 9, no. 1, Spring 1979, pp. 255-267. 

3. Cappello, A.; and Plerro, J.: A 22-24 GHz Cryogenlcal ly Colled GaAs FET 

Amplifier. IEEE Trans. Microwave Theory Tech., vol. MTI-32, no. 3, 

Mar. 1984, pp. 226-230. 

4. Neuf, D.; and Spohrer, S.: Ultrasmall MIC Mixer Designed for ECM Applica- 

tions. MSN Microwave System News, vol. 15, no. 11, Oct. 1985, pp. 70-82. 

5. Shlh, Y.C.; and Itoh, T.: Analysis of Conductor-Backed Coplanar Waveguide. 

Electron. Lett., vol. 18, no. 12, June 10, 1982, pp. 538-540. 

6. Cohn, S.B.: Slot Line on a Dielectric Substrate. IEEE Trans. Microwave 

Theory Tech., vol. MT1-17, no. 10, Oct. 1969, pp. 768-778. 


6 



7. Simons, R.N.: Suspended Slot Line Using Double Layer Dielectric. IEEE 

Trans. Microwave Theory Tech., vol . MTT-29, no. 10, Oct. 1981, 

pp. 1 1 02-1 1 07 . 

8. Simons, R.N.: Suspended Coupled Slotllne Using Double Layer Dielectric. 

IEEE Trans. Microwave Theory Tech., vol. MTT-29, no. 2, Feb. 1981, 

pp. 162-165. 

9. Simons, R.N.: Analysis of Millimetre-Wave Integrated Fin Line. IEE Proc., 

vol. 130, Pt. H, no. 2, March 1983, pp. 166-169. 

10. Simons, R.N.; and Arora, R.K.: Coupled Slot-Line Field Components. IEEE 

Trans. Microwave Theory Tech., vol. MTT-30, no. 7, July 1982, 
pp. 1094-1099. 


CONVENTIONAL COPLANAR 
WAVEGUIDE 


CONDUCTOR BACKED COPLANAR 
WAVEGUIDE 



WAVEGUIDE 



1 

2B 

D 

T 

K Y///////z 


(B) 

STRIPLINE-LIKE SUSPENDED 
COPLANAR WAVEGUIDE 



INVERTED COPLANAR 
WAVEGUIDE 


(D) 



.50 


.45 


.40 


.351— 


A' 

A 

e eff 


S/D W/D 




£ r = 13 
D = 100 pM 
2B = 1 in. 



Figure 2 Conventional CPW. 


7 
























e r ■ 13 




13 



2. Government Accession No. 


3. Recipient’s Catalog No. 


4. Title and Subtitle 

Propagation Characteristic of Some Novel Coplanar 
Waveguide Transmission Lines on GaAs at MM-Wave 
Frequencies 


7. Author(s) 

Ralnee N. Simons 


5. Report Date 


6. Performing Organization Code 

506-44-21 


8. Performing Organization Report No. 

E— 3335 


10. Work Unit No. 


9. Performing Organization Name and Address 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 


12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D.C. 20546 


11. Contract or Grant No. 


13. Type of Report and Period Covered 

| Technical Memorandum 


14. Sponsoring Agency Code 


15. Supplementary Notes 

Prepared for the 1986 Conference on Millimeter Wave/Microwave Measurements and 
Standards for Miniaturized Systems sponsored by the U.S. Army Missile Command, 
Redstone Arsenal, Alabama, November 6-7, 1986. Ralnee N. Simons, National 
Research Council - NASA Research Associate. 


16. Abstract 

Three new Coplanar Waveguide (CPW) transmission lines, namely. Suspended CPW 
(SCPW) , Strlpllne-llke Suspended CPW (SSCPW) and Inverted CPW (ICPW), are pro- 
posed and also analyzed for their propagation characteristics for the very first 
time. The substrate thickness, permittivity and dimensions of housing are 
assumed to be arbitrary. These structures have the following advantages over 
conventional CPW. Firstly, the ratio of guide wavelength to free space wave- 
length Is closer to unity which results In larger dimensions and hence lower 
tolerances. Secondly, the effective dielectric constant Is lower and hence the 
electromagnetic field energies are concentrated more In the air regions which 
should lower the attenuation. Thirdly, for a prescribed Impedance level, the 
above structures have a wider slot width for Identical strip width. Thus low 
Impedance lines can be achieved with reasonable slot dimensions. Fourthly, In 
an Inverted CPW shunt mounting of active devices, such as Gunn and IMPA11 diodes, 
between the strip and the metal trough Is possible. This feature further 
enhances the attractiveness of the above structures. Lastly, an E-plane probe 
type transition from a rectangular waveguide to suspended CPW can also be easily 
realized. The computed results for GaAs at Ka-band Illustrate the variation of 
normalized guide wavelength, effective dielectric constant and the characteristic 
Impedance as a function of the (a) frequency; (b) distance of separation between 
the trough side walls; (c) normalized strip and slot widths; and lastly (d) nor- 
malized air gap. 

17. Key Words (Suggested by Authors)) 1 18. Distribution Statement 


Coplanar waveguide; GaAs; Microwave 
Integrated circuits; MMIC 


Unclassified - unlimited 
STAR Category 33 


19. Security Classif. (of this report) 

Unclassified 


20. Security Classif. (of this page) 

Unclassified 


21. No. of pages 

A02 


*For sale by the National Technical Information Service, Springfield, Virginia 22161 







